Abstract: Due to the tremendously increasing popularity of the World-Wide Web, hypermedia is going to be the leading online information medium for some years to come and will most likely become the standard gateway for citizens to the "information highway". Already today, visitors of web sites are generally heterogeneous and have different needs, and this is likely to increase in the future. The aim of the AVANTI project is to cater hypermedia information to these individual needs by adapting the content and the presentation of web pages to each individual user. The special needs of elderly and disabled users are also partly considered. A model of the characteristics of user groups, individual users and usage environments, and a domain model are exploited in the adaptation process. One aim of this research is to verify that adaptation and user modeling techniques that were hitherto mostly used for catering interactive software systems to able-bodied users also prove useful for adaptation to users with special needs. Another original aspect is the development of a network-wide user modeling server that can concurrently accommodate the user modeling needs of several applications and several instances of an application within a distributed computing environment.
Introduction
The aim of the AVANTI project (1) is to develop and evaluate a distributed information system that provides hypermedia information about a metropolitan area (e.g., about public services, transportation, buildings) for a variety of users (e.g., tourists, citizens, travel agency clerks, elderly people, blind persons, wheelchair-bound people, and users with (slight) forms of dystrophy 2 ) with different interests, knowledge, and abilities. The system can be accessed through the World Wide Web (WWW) from people's homes, travel agencies, public information kiosks and on the go, where different hardware platforms, software environments, network speeds, and environmental surroundings can be anticipated. In order to cater to the different user needs and usage environments, AVANTI exploits methods and tools developed in the context of adaptive and adaptable systems during the last few years. Internal models of user groups, individual users, usage environments, and a domain model help adapting the content and presentation to each user's individual needs.
Until recently, existing adaptable and adaptive systems considered mostly users with "normal" physical, sensorial, and cognitive abilities only (see however (2, 3, 4, 5) for recent exceptions). People with special needs, like the disabled and elderly, should however also be given the opportunity to take advantage of computer-mediated information. Such information is already indispensable at many workplaces, and increasingly also becomes relevant in public places and at home. Access to information in hypermedia form is particularly important since it is likely to become the standard gateway to electronic information and entertainment.
Computer access for people with special needs has therefore been a research issue since many years. Considerable efforts have been put into making software systems usable by people for whom they were originally not designed (e.g., access to graphical user interfaces for visually or manually impaired users) and into developing databases with dedicated information for the disabled (e.g., information on wheelchair accessibility of public transportation, or verbal descriptions of paintings in major museums) which supplements already available data collections that do not take people with special needs into account. These solutions are mostly restricted to very small populations of disabled users and are therefore usually fairly expensive due to the small number of potential customers. It seems, however, that techniques for adapting generic interactive software systems to the needs of individual user groups can be employed to also tailor software systems to the needs of many disabled and elderly people. This approach not only seems theoretically more satisfactory, but may also be economically more viable than isolated dedicated solutions.
User Needs
Investigations on user needs for hypermedia information systems that were reported in the literature, or carried out in the context of AVANTI through interviews among tourists, citizens and people with several types of disabilities (6) , showed a considerable heterogeneity between these groups, to which information systems should cater. Moreover, individual differences in user needs have also been encountered. Here are a few examples to illustrate this point (many others will be discussed in the remainder of this paper):
• For blind users, the modality of the presented information must be changed to tactile and/or audio output. Moreover, supplementary orientation and navigation aids, like an additional table of content containing all internal and external links on a hypermedia page, are helpful for this user group (7).
• For wheelchair-bound users, detailed information concerning the accessibility of buildings (e.g., the existence and the dimensions of ramps and elevators, the type and width of doors) is important and should therefore be automatically provided. This information is redundant for able-bodied users and should be omitted for them (6) .
• For users interested in a specific subject, more detailed information should be provided, e.g. information about the history of an important sacral building. If the user lacks this specific interest, such information should not be presented in order to lower the efforts necessary for building a mental model of the current hypermedia page (8, 9, 10).
• For computer novices, usage instructions should be augmented by an explanation.
Normally, this is not necessary for experienced computer users.
• For users with low-bandwidth network access (e.g., via a slow modem), information with high data volume (e.g., videos, high-resolution pictures) should be replaced by less demanding, but nevertheless appropriate, equivalents in order to reduce download times. The response time of a hypermedia system is extremely critical from a usability point of view (11) .
Since all these needs cannot be addressed within a single project, AVANTI focused mainly on mobility-related user requirements.
Scope of Adaptability and Adaptivity
In order to cater to different user needs, information systems can be tailored manually by the system designer (and possibly the user) or automatically by the system. Systems that allow the user to change certain system parameters, and thereby adapt the behavior of these systems, are called adaptable. Systems that adapt to users automatically based on monitoring the users' interaction during runtime are called adaptive (12) . Both features, adaptability and adaptivity, are provided by the AVANTI system on two different levels:
• Adaptability and adaptivity at the user interface This includes special I/O devices (e.g., macro mouse, Braille display, speech synthesizer), visual and non-visual interface objects, and associated interaction techniques (13, 14) .
• Adaptability and adaptivity within hypermedia pages
This includes the adaptation of the information content, information modality, information prominence, orientation and navigation aids, and links to other hypermedia pages (15) .
Whereas the first group of adaptations aims at enabling and improving the overall access to the information system, the second group of adaptations focuses on the personalization of one specific hypermedia system. In the rest of this paper we will focus on the latter goal since this seems to be a rather novel approach which complements existing solutions to provide access to the WWW for everyone, including users with disabilities.
Overview of the System Architecture
In this section, we will give a brief overview of the principal components of AVANTI, and the interaction between them. Those components that are central to the aims of this paper will then be described in more detail in the subsequent sections.
The main components of the AVANTI system are (see Fig. 1 e) The User Model Server (UMS) that hosts models of several users.
f) A User Interface (UI) that presents hypermedia information in a user-tailored way. The user requests a hypermedia page at the user interface. The UI forwards this request to the Hyperstructure Adapter. ô The HSA fetches the requested hypermedia page from the IRCS. In most cases, this will be a generic page. Apart from static elements, an IRCS page may contain optional and alternative hypermedia objects 3 , and also groups of hypermedia objects with an associated layout like a page header, toolbar, etc. The processing of these optional and alternative elements is controlled by Adaptation Rules, which can take information from other system components into account, namely assumptions about user characteristics (e.g., knowledge, interests, preferences) from the User Model Server, and content-related information about multimedia objects from the Content Model via the MDI. Information about the current user's session (e.g., previously requested IRCS pages, previously provided input) is also available from the usage model. A second group of rules that may be contained in an IRCS page are User Model Construction Rules. They control the formation of primary assumptions about the user (i.e., assumptions which are directly derived from the user's interaction with the hypermedia page). Primary assumptions are directly reported to the UMS by the HSA. The HSA interprets the requested hypermedia page and the Adaptation Rules, generates an adapted page (which is compliant to standard HTML) and hands it over to the User Interface for presentation. í The UI interprets the hypermedia page, retrieves multimedia objects from the AVANTI databases transparently via the MDI, and finally presents the requested hypermedia page to the user 4 .
The communication between all active components is carried out via the HTTP protocol. On top of it, a restricted and slightly enhanced version of KQML (Knowledge Query and Manipulation Language (18, 19) ), a high-level communication language and protocol which is independent of the hardware and software platform, is used for communication with the UMS.
The main advantages of this architecture are 5 :
• Already existing software in the area of the WWW (e.g., communication libraries, browsers, servers, web development environments, and database gateways) could be used for the development of AVANTI components.
• Most WWW browsers available today can access the AVANTI system and take advantage of the individualization features at the content level.
• All components of AVANTI can be distributed according to organizational and technical requirements. These mostly technically motivated decisions do not affect the user's mobility since the user model and the corresponding user model server are always located on the AVANTI system when the user accesses the system.
The HSA and the UMS are principal components of the AVANTI architecture. We did not have to start their development from scratch, but were able to employ already available software as a basis, including WebObjects from Apple Corp. (21) for the HSA, and BGP-MS (22, 23) for the UMS.
User and Usage Model
In order to provide user-oriented adaptivity, a user model is maintained by the AVANTI system which contains assumptions about relevant characteristics of an individual user, including his/her
• interests and preferences, such as interest in accessibility information about buildings (e.g., availability of ramps and elevators), detailed information about the history of sacral buildings, or preferences for certain information modalities (e.g., graphics, video); • domain knowledge about prominent reference points, such as squares, churches, bridges and the infrastructure in the metropolitan area of interest; • competence in handling computers, such as the ability to manipulate interface elements within a WIMP (Windows, Icons, Menus, Pointer) interface to achieve a desired goal; and • competence in handling the AVANTI system, such as the user's knowledge about the orientation and navigation aids and the adaptation mechanisms in AVANTI.
Different methods for acquiring assumptions about the user have been discussed in the literature (24) . In AVANTI, assumptions are acquired based on the following sources of information:
• An initial interview allows for the acquisition of primary assumptions (25) about the user and is therefore a valuable source of information for initially assigning the user to certain user subgroups (see the "stereotypes" below).
• Based on primary assumptions about the user and additional information about the application domain, the system can draw inferences in order to acquire further assumptions about the user. For instance, if the user requests more than once detailed information on the history of some churches, he/she can be assumed to be interested in churches, and this detailed information will henceforth be automatically provided.
• Stereotypes (26) contain assumptions about interesting characteristics of user subgroups (e.g., the presumable knowledge of domain experts or the presumable interests of wheelchair-bound users). If certain preconditions are met, a stereotype can be activated for a specific user, which means that the assumptions contained in the stereotype become assigned to the user.
In the following, we briefly present those representational user modeling services offered by BGP-MS that are used in the AVANTI user model server. After that, we describe the user model architecture that is used in the AVANTI information system for the city of Siena, Italy.
BGP-MS's representation component offers two layers for modeling characteristics of individual users and user groups. An inner layer represents the contents of assumptions in the conceptual knowledge representation language SB-ONE (27) , which fits loosely into the KL-ONE paradigm (28) . In the outer layer, partitions collect the different types of assumptions about the user or user groups (23) . They can be ordered in an inheritance hierarchy, where subordinate partitions inherit the contents from superordinate ones.
Fig. 2 User model in the Siena information system
Fig . 2 shows the partition hierarchy that is currently used in the AVANTI system for the city of Siena. The model of an individual user consists of the following partitions:
• SBUI (System Believes User Interests), which contains assumptions about the user's interests, • SB¬UI, which contains assumptions about what the user is not interested in,
• SBUB (System Believes User Beliefs), which contains assumptions about the user's knowledge, and • SB¬UB, which contains assumptions about what the user does not know.
All other partitions belong to the stereotypical part of the user model. The top partitions represent the interest and knowledge stereotypes of "Any User". On the left side of the stereotype hierarchy are partitions for the interests of dystrophic users, wheelchair-bound users and blind users originating from their respective handicaps (e.g., interest in information about the availability of ramps for wheelchair-bound users). The partitions on the right contain stereotypical assumptions for the knowledge of novices and experts about computers, the AVANTI system and the city of Siena. The dashed lines in Fig. 2 exemplify dynamic inheritance relationships in an individual user model between the interest-related stereotypes and SBUI, and the knowledge-related stereotypes and SBUB. Inheritance links are activated or retracted by the stereotype manager of the user model server on the basis of a set of activation/retraction rules that are periodically executed. An example of a simple activation rule used in the AVANTI user model server is:
If the user checks the item "Blind or low vision" in the initial questionnaire, then activate the interest stereotype "Blind User". 6 After the activation of the stereotype "Blind User", all blindness-related interests are inherited by the partition SBUI. Inheritance does not take place if a specific assumption is already contained in SBUI or if its negation is contained in SB¬UI. For the time being, interests can only be inherited by SBUI since only positive interests are contained in the disability-related stereotypes. In a similar manner, SBUB (but not SB¬UB) can inherit from one or more of the partitions on the right side of the stereotype hierarchy.
In order to be able to adapt to the usage environment, a usage model is maintained by the AVANTI system which contains information about relevant aspects of the user's system usage such as:
• user interface characteristics, to provide alternative task structures according to specific physical and/or sensorial abilities of the current user (29); • network characteristics, like response time and the available bandwidth.
Apart from information that is available a priori, like the physical environment of a specific terminal or the functionality of a specific type of user interface, most information in the usage model is extracted at run-time from hypermedia page requests via the HTTP protocol (30) . Examples include the HTTP header fields "User-Agent", which contains the type of user interface initiating the request, and "Content-Length", which contains the length of the HTML page sent to the UI. An additional source of information for estimating the overall response time from a user's point of view are network probes (31) , which are injected as dummy images at the beginning and the end of each hypermedia page sent by the HSA. Based on the estimated response time stored in the usage model, technically motivated adaptations can be applied by the HSA. For instance, if users only have low-bandwidth access to AVANTI then high-bandwidth information like high-resolution pictures and videos is replaced by less demanding, but nevertheless appropriate, equivalents.
The BGP-MS User Model Server
In AVANTI, user models reside entirely in the User Model Server (UMS). The principal reasons for this include the following:
• The centralized management of user-related information offers the UI and the HSA location-independent access to the most recent user-related information.
• Synergetic effects with respect to user-related information can be exploited (e.g., the UI can take advantage of assumptions acquired by the HSA and vice versa).
• The HSA and the UI can become totally relieved of user modeling tasks and can take advantage of sophisticated run-time services of the UMS like • the incremental construction of user models based on primary assumptions and dialog acts (25), • inferences (so-called secondary assumptions) based on primary assumptions,
• the inclusion or exclusion of sets of typical assumptions (stereotypes) about user groups on the basis of activation and deactivation rules, and • consistency maintenance.
BGP-MS was chosen as a basis for the UMS for several reasons:
• The scalable functionality puts three representation paradigms at the disposal of the user model developer. Only terminological logic has been employed in AVANTI so far. If needed, first order predicate logic or modal logic could be added to enhance the representational and inferential capabilities of the user model.
• The flexible management of stereotypes is supported. This includes a wide range of activation and deactivation rules.
• Different kinds of user information (e.g., interests, knowledge, abilities) can be stored in different representational structures, and efficiently retrieved and employed for inferences.
Nevertheless, BGP-MS has been substantially enhanced in order to establish a network-wide user modeling service. A prototype of the UMS has been made available which offers the following additional features in comparison to (22) :
• Access as a network-wide service through a restricted and slightly enhanced version of KQML (27) . The chosen implementation KAPI (KQML Application Programmer's Interface (32)) has been substantially revised. Special emphasis has been paid to the name service contained therein, which, for example, allows a UI to dynamically locate and access the UMS that hosts the model of a particular user.
• Support for hosting the models of several users at a time.
• Simultaneous support for modal operators representing different assumption types within a user model (e.g., "user interests", "user believes", "user can").
• Availability on Allegro Common LISP for Windows/PC (33) . The most recent version of BGP-MS has been ported from CMU Common LISP (34) on SUN workstations to Allegro Common LISP for Windows NT/95/98.
• A framework for a privacy and security architecture is currently under development (35) .
Moreover, a domain-specific user modeling system has been implemented for the field trials in AVANTI, which comprises models of individual users and user groups as well as stereotype activation and deactivation rules and inference rules (see Section 5).
Adaptations in the Hyperstructure Adapter

Examples of user-tailored page adaptations
In order to adapt IRCS pages according to the assumptions stored in the UMS, page descriptions contain information options as well as information alternatives. Depending on the user and the usage model, the system presents optional information if it seems to be beneficial to the user, and chooses the most appropriate among the information alternatives. The decision and selection process is controlled by adaptation rules which are a part of the hypermedia pages. Most of the adaptations that are automatically performed by the system are still under the control of the user (system-initiated user-controlled adaptation in terms of (36) ). This enables the user to modify the selection of the provided information if the system's choice should not be appropriate.
Input of the user (which includes his/her feedback to adaptations initiated by the system) as well as navigation behavior is exploited to update the user model by user model construction rules. These rules are also part of the hypermedia pages. The AVANTI information system for the city of Siena provides hypermedia information for getting around in the city, including special information for people with disabilities. Figs. 3, 4 , and 5 show example pages of this system. In the following, we will use them for describing the adaptation of IRCS pages in more detail. The pages in Figs. 3 and 4 inform about the services, facilities and amenities that are available in the accommodation "jolly hotel excelsior". The pages can be separated into three columns. The left column with the brickpattern background contains mostly the main menu. The middle column contains the "real" information (e.g., the services offered by a hotel), and the right column includes menu buttons that point to other relevant information.
In their present form, both pages are tailored to a user who is experienced in using computers and the AVANTI system and needs special information for wheelchair-bound and dystrophic people (these needs would come from an initial questionnaire or a contactless smartcard). For instance, the optional navigation path displayed in the upper left corner is only available to experienced web users since its usage requires at least a coarse mental model of the hypermedia space at hand. The navigation aids offered to web novices are restricted to the hierarchical Siena menu on the left hand-side (see Fig. 5 ) since such users may be confused by alternative navigation elements on a hypermedia page. The hand icon pointing to "restaurants" and the link "nearest restaurants" in the lower right corner are pointing to information that is presumably interesting for the current user. Such an assumption is acquired by the system through inference mechanisms based on the navigation history. For instance, if the user requests more than once detailed information on the cooking style of some restaurant, she/he can be assumed to be interested in restaurants.
Other optional elements are the so-called role-taking buttons in the toolbar of the AVANTI browser. The upper right corner of Figs. 3 and 4 contains the role-taking buttons "Deambul" for deambulation (walking around), "Wheel" for wheelchair, and "Blind" (the buttons have been circled in Fig. 3) 7 . The availability of these buttons is also contingent on the AVANTI expertise of the user. If one or more of these buttons are pressed (e.g., "Deambul" and "Wheel" in Figs. 2 and 3) , the user automatically obtains additional information for the selected user groups (e.g., additional information for dystrophic people with difficulties walking around and wheelchair-bound persons, respectively). These buttons were designed for people who look for information on behalf of disabled persons. For instance, travel agency clerks can "take the role" of a wheelchair-bound customer while working with the AVANTI system. From a technical point of view, the role-taking buttons can be used to activate or deactivate certain stereotypes (i.e., "Dystrophic User", "Wheelchair User", "Blind User"). When a role-taking button is switched on or off, the HSA reports the respective key concept or its negation to the UMS which inserts it in the partition SBUI or SB¬UI. Based on this, stereotype management rules activate or deactivate the corresponding stereotypes.
In AVANTI, tables presented to the user contain those attributes only which the system deems to be relevant for him/her according to the current user model. The user is able to modify the system-initiated attribute selection by requesting an adaptable version of the table that includes all available attributes. Fig. 3 shows such an adaptable version where the user has deselected "Baby-sitting service" and some other attributes and subsequently confirms his/her deselection. Based on this fact, the system does not display these attributes anymore in Fig. 4 . Additionally, the HSA will make assumptions concerning the user's interests and will report them to the UMS (e.g., that the user is not interested in information related to "Baby-sitting service"). The UMS then updates the individual user model (e.g., inserts the related concept into SB¬UI) and will possibly activate or deactivate some of its stereotypes. When conflicts between assumptions arise, those coming from stereotypes have a lower priority than those directly obtained from the interaction with the user. If there are too many contradictions between the individual user model and an activated stereotype (e.g., if the user is only interested in less than 10% of the stereotype concepts), the stereotype becomes a candidate for deactivation: in Fig. 4 , the system encourages the user to reconsider his/her interest in wheelchair-bound people and dystrophic people, due to his/her attribute selection in Fig. 3 . If the user confirms not to be interested anymore, the corresponding interest stereotypes will become deactivated. A confirmation by the user is necessary since the retraction of these stereotypes will again have considerable impact on the content of hypermedia pages, their links to other pages, and the user interface: if the user confirms the system's assumption in Fig. 4 , attributes like "Link with shared parts" will not be displayed anymore, the button "Interior access" which leads to more specific information for disabled people will get removed, and the activated role-taking buttons will be switched off by the system. Based on the user's answer in the initial interview that he/she has never been in Siena before, the system automatically presents rather general information about the Duomo (see Fig. 5 ). The user can request a more detailed alternative description by pressing the "+" button. User requests for more detailed or more general descriptions also refine the user model (e.g., if the user requests more than once detailed information on the history of some churches, she/he can be assumed to be interested in churches, and the corresponding concept will be inserted in the individual user model partition SBUI).
The authoring environment for user-adaptive IRCS pages
We now look closer into the internal structure of IRCS pages and how they are written by authors, using the optional link "Interior access" as an example. IRCS pages are based on the server-based development environment "WebObjects" from Apple Computer Inc. (21). Fig. 6 shows the WebObjects authoring environment including a small part of the IRCS page which is visualized in Fig. 4 .
The background window in Fig. 6 shows a graphical representation of the IRCS elements that correspond to the three columns of the final page layout in Fig. 4 : the left column with the brick-pattern background shows parts of the main menu, the second column presents part of the table, and the third column with the circled optional element contains the link to information on "Interior access" that we will study further below.
The foreground window of Fig. 6 shows the associated functionality with its content presented in different parts of the window. The first column of the upper part presents the different categories of the application resources. Since the category "Web Components" has been selected, all Web Components are listed in the second column. An AVANTI IRCS page is represented by such a WebObjects component ("hotel.wo" in our example) and contains the following three files:
• An HTML template file ("hotel.html" in our example) which specifies the content and the overall layout of the IRCS page in HTML. Tags define the format for both static and dynamic page contents. Dynamic page contents are marked up with the special "WEBOBJECT" tag which refers either to functionality or to components defined outside of the current IRCS page.
• A declaration file ("hotel.wod" in our example) which defines a mapping between the WEBOBJECT tags in the HTML template and their associated functionality.
• A script file ("hotel.wos" and "session.wos" in our example) which implements application behavior specific to the component. Script files manage dynamic page generation and respond to user requests. They are written in WebScript, the WebObjects scripting language. WebScript is a subset of the object-oriented language Objective-C.
In most cases, script files belong to one component. However, session-wide and applicationwide resources are stored in separate files called "session.wos" and "application.wos", respectively.
Let us now concentrate on the correspondence between the fragments in the development environment and their hypermedia counterparts after being processed by the HSA. In Fig. 4 , the link "Interior access" (in the lower right corner of the screen) is only available if the user is assumed to be interested in information for disabled people. The internal structure of this optional element with its assigned adaptation rule is presented in Fig. 6 : the circled part of the background window shows the element in graphical form, while the same information is given in more detail in the component files displayed in the editor of the foreground window.
The outer syntactical element in the graphical pane (indicated by the opening and closing question mark) is a conditional called "IfInterestInInformationForDisabled". Within this conditional, we see a hyperlink which refers to another page (indicated by the opening and closing chain symbol) and an image with associated text (indicated by the opening and closing star and the opening and closing symbols around the "imageString", respectively).
In the template file hotel.html, we see a WebObject HTML tag corresponding to IfInterestInInformationForDisabled. The mapping of this tag to a conditional WebObjects element and its associated session method IfInterestInInformationForDisabled can be found in the declaration file hotel.wod. Finally, in session.wos we find the implementation of IfInterestInInformationForDisabled, which queries a user model object for the user's interest in information for disabled people (i.e., whether the current user is interested in information for dystrophic people, blind, or wheelchair-bound persons). More specifically, the method checks whether one of the key concepts "dystrophy_information", "wheelchair_information", or "blind_information" is contained in the partition SBUI of the individual user model. Access to the user model is established via a user model object (i.e. "umObjectUser"), which encapsulates the complexity of KQML communication, networking, and protocol issues.
Therefore, an appropriate level of abstraction is provided to the hypermedia author (in fact, the user model is hosted by the remote user model server).
Since most of the images depend on the language selected by the user during runtime, the HTML image tag and the corresponding alternative text (i.e., "ALT TEXT") has to be generated dynamically. The component "ImageTool" which manages images according to the selected language can be employed for this purpose on every IRCS page. ImageTool is an example of a reusable component, which can be regarded as a building block for the dynamic parts of an IRCS page. Reusable components can be nested; in this case, they serve as building blocks for other reusable components. In addition to reusable components developed in AVANTI, reusable functionality is also provided through methods and objects that can be defined as session-wide or application-wide (e.g., the session-wide method IfInterestInInformationForDisabled mentioned earlier).
The IRCS pages developed in AVANTI take advantage of AVANTI-specific classes and components. The IRCS author is provided with an appropriate level of abstraction, and lowlevel coding can be omitted 8 . Since all this enhancements are encapsulated within the HSA and the underlying WebObjects development environment, the compatibility with existing and upcoming standards (e.g., HTML and XML, respectively) is preserved. For the other AVANTI subsystems (e.g., the UI), the HSA behaves like a "normal" web server.
Adaptation on the User Interface Level
Adaptation in AVANTI does not only take place on the level of hypermedia pages, but also on the user interface level. This is particularly true for the selection of certain input and output devices and media, as well as the behavior of a number of user interface elements. These types of adaptation are performed by the AVANTI User Interface and are described in detail in (14) . We want to give a brief example of how the modality and the navigation elements become adapted for blind people in AVANTI on the page description level. Fig. 7a presents a map of the city of Siena which includes all interesting places like museums, churches, restaurants, and hotels. The Siena map can be accessed via the "city map" button in the upper left corner on every page (see Figs. 3, 4 , and 5). 9 The "same" page for blind people is presented in Fig. 7b . While the visual map of Siena gives an overview of the different locations and allows users to figure out how to go there, the "map" for the visually impaired contains textual descriptions of all important locations relative to the Piazza del Campo, the central square in Siena. 10 To provide a better overview for the blind, pages must be kept short and separated into categories (i.e. museums, churches, restaurants, and hotels). 11 An additional element available at the top of every page for blind people is the "Short Summary". Since the blind cannot skim a page like normal-sighted people, this short summary must contain sufficient information to allow them to decide whether the page seems to be relevant .
Evaluation
The AVANTI system has been extensively evaluated at three different sites in three different scenarios. In this section we will summarize the evaluation results as reported in (38, 39) . The common question shared by all experiments is whether the developed system is beneficial for users, and specifically whether it is technically feasible and useful for end users to introduce adaptability and adaptivity in the information contents and user interfaces of hypermedia information systems.
The trials were carried out a three different sites:
• The experiments in Siena were performed with 60 citizens and tourists, including people with motor disabilities. Test sites were the University of Siena School of Engineering, a public information point at a multimedia center, a motor-impaired citizen's home, and a travel agency. A laboratory case study on 4 blind users has also been performed at CNR. Subjects received tasks like planning sightseeing trips to Siena, planning to attend a music festival there, planning errands in town as a citizen, planning a field study to see the cathedral floor (which is only uncovered twice a year), and planning a group tour for people with mobility impairments by travel agency clerks.
• The experiments in Kuusamo, Finland were carried out with 11 random visitors of a tourist center, and in a second stage with 40 tourists, business travelers and travel agency clerks. All subjects were able-bodied. The tasks consisted in booking a vacation cottage in this tourist region, either for oneself or for a client.
• The trials in Rome, Italy were conducted with 20 visually impaired users and 40 users without visual impairments. They comprised tourists, pilgrims, and citizens of Rome. Tasks included looking for information on the Fontana dei Trevi and St. Peter's Basilica, and searching for the location and for directions to the municipal lost-property office,
In all three cases, the systems' adaptation features outnumbered the adaptivity features.
Users were subject to usability test procedures to determine the system's learnability, efficiency of use and memorizability, users' error-proneness, satisfaction and overall attitude, and the specific contribution of adaptability and adaptivity. Data were collected through observation, interviews, questionnaires and the analysis of log files. Selected findings that refer to adaptation features or individual differences between users include the following ones (most are qualitative):
• Repeat AVANTI users better understand and use the adaptation features.
• While adaptability features have been recognized and understood by most users, they have been more frequently used by AVANTI experts (namely adaptive tables), and computer and web experts (namely the path navigation tool).
• Motion-impaired users were generally more satisfied with the information provided by the system and had a better attitude towards AVANTI than able-bodied users. 12 They found the system properly designed for them and the information on accessibility very clear and useful for mobility. They also appreciated very much the level of detail reached by the system, and many of them praised the system enthusiastically.
• In contrast, able-bodied user did not easily find information for their purposes (and often this kind of information was not present in the system). It also seems that their concept of mobility differs from that of impaired users in several ways, and was not properly reflected in the system. • Shortcuts to frequently visited pages would automatically pop up in the index frame of the Kuusamo web pages. Most users who noticed them did not understand their meaning. When told, all felt that it was a useful feature of the system. • Travel agency clerks appreciated the possibility to create their own shortcuts.
• Additional accessibility buttons and role-taking buttons were generally well recognized, correctly understood, and frequently used.
The results allow the conclusion that AVANTI's adaptation features were generally well understood, used, and appreciated (some of them were not self-explanatory though). The benefit for information systems probably lies more in user satisfaction than in efficiency gain or error reduction (which would be difficult to measure anyway in representative in vivo experiments). In the AVANTI successor project HIPS, we expect to gain further insights into the usefulness of personalization in touristic domains from the evaluation of the HIPS museum guide (40, 41) . This portable system adapts information based on the current location of the visitor and his/her presumable interests as inferred from his/her navigation path through the museum.
Summary
An adaptable and adaptive hypermedia information system has been presented that caters not only to able-bodied, but also to several kinds of disabled users. "Access for All" to hypermedia systems seems to be very important since this medium is likely to play the role of a gateway to electronic information and services in the next few years, both in professional and domestic environments. The results of AVANTI show that extending the current adaptability and adaptivity mechanisms in such a way that users' physical, sensory, and cognitive abilities as well as their technical environments are taken into account is technically feasible and well appreciated by users. This approach seems to be more promising than providing post factum access for handicapped user groups for whom the system was originally not designed. 
